We examined two facets of control beliefs and cognition over 10 years within the Advanced Cognitive Training for Independent and Vital Elderly study. Intellectual Self-Efficacy decreased (␤ ϭ Ϫ0.32 units/year; SE ϭ 0.03) and Concern About Intellectual Aging increased (␤ ϭ 0.26 units/year; SE ϭ 0.02) over time, with older age being the only predictor of increases in Concern About Intellectual Aging. Although baseline cognitive performance was related to control beliefs over time, the reverse was not supported. Findings were not altered by participation in the ACTIVE training programs, suggesting the need for including intervention components that lead to long-term maintenance or improvements in such beliefs.
. These associations may be due, in part, to accumulated disadvantages experienced in education, work, and economic conditions over the life course for historically vulnerable populations (Crystal & Shea, 1990; Mirowsky & Ross, 2007) . Despite plausibility, there is little empirical evidence to support these findings. Among the few studies that examined trajectories of perceived control in these subgroups, modest increases in the sense of control have been found for Whites compared with non-Whites and those with more education as compared with those with fewer years of educational attainment Wolinsky, Wyrwich, Babu, Kroenke, & Tierney, 2003) , potentially leading to subsequent beneficial effects within already cognitively advantaged populations.
The Relationships Between Control Beliefs and Cognition in Adulthood
Control beliefs may facilitate cognitive performance through the learning and application of effortful cognitive strategies, continued practice with cognitively stimulating tasks, or by selecting and modifying personal goals or environmental demands to compensate for age-related declines (de Frias, Dixon, & Bäckman, 2003) . However, as these approaches place heavy demands on cognition, it is equally possible that the development of control beliefs depends on existing cognitive skills and abilities (Windsor & Anstey, 2008) . Although a positive relationship between control beliefs and cognitive outcomes has been reported consistently in the literature (Lachman, 1983; West & Yassuda, 2004; Willis, Jay, Diehl, & Marsiske, 1992) , the directionality of these relations is still not well established. Some studies have found stronger evidence for control beliefs predicting cognitive ability (Caplan & Schooler, 2003; Neupert & Allaire, 2012) , whereas others found the reverse to be true (Grover & Hertzog, 1991; Lachman & Leff, 1989; Willis et al., 1992; Lachman et al., 2009) . However, it is highly likely there is a dynamic interplay of these two processes, with control and cognition both directly and indirectly influencing one another over time (Lachman, 2006; Windsor & Anstey, 2008) . Additional longitudinal studies with a longer time span and multiple measurement points are critical to establish the temporal association between control and cognition. Moreover, intervention studies may be particularly informative in establishing causal relations between control beliefs and cognitive performance, as well as determining the modifiability of these outcomes.
The Modifiability of Control Beliefs Through Cognitive Interventions
There are several reasons why cognitive training programs may influence control beliefs, thus influencing immediate and longterm cognitive benefits through continued participation (Bandura, 1996; Zahodne et al., 2015) . In addition to modeling cognitive skills and strategies, trainers often provide extensive practice on exemplar problems (with feedback), foster self-efficacy regarding performance, and teach individuals how to apply learned strategies to real-world tasks (Hahn & Lachman, 2015) , all of which may alter perceptions of control (Bandura, 1996) . It is also feasible that control beliefs can affect both older adults' willingness to participate in a training program, as well as their level of participation once they are enrolled in the program (Lachman, 2006; Payne et al., 2014; Windsor & Anstey, 2008) .
Unfortunately, only a handful of studies have investigated cognitive training interventions as a facilitative context for developing or strengthening control beliefs (Dittmann-Kohli, Lachman, Kliegl, & Baltes, 1991; Hahn & Lachman, 2015; Hastings & West, 2009; Lachman, Andreoletti, & Pearman, 2006; Wolinsky et al., 2010; Zahodne et al., 2015) . Capitalizing on data collected over a 10-year period as part of the ACTIVE, randomized-controlled trial, the goal of the current study is to examine the relationship between two facets of control beliefs-Intellectual Self-Efficacy (i.e., internal control) and Concern About Intellectual Aging (i.e., external control)-and cognition over a 10-year period. We also examine the intervention effects on the trajectories of control beliefs, as well as on the reciprocal associations between control beliefs and cognition.
Method
Data were collected as part of the ACTIVE study (see Ball et al., 2002 and Jobe et al., 2001 for details of recruitment procedures and study design). ACTIVE was designed as a randomized, multisite clinical trial to examine the effectiveness and durability of cognitive training on basic measures of cognition, as well as immediate and long-term transfer effects to everyday activities (Jobe et al., 2001) . Persons were eligible if they were age 65 years and older, free of cognitive (Mini-Mental State Exam [MMSE] score Ն23/30; Folstein, Folstein, & McHugh, 1975) or visual (vision score Ͼ20/50) impairments, and certain medical conditions (e.g., stroke in previous year, cancer with limited life expectancy). Eligible individuals (N ϭ 2,802) were randomized to one of three cognitive interventions: memory (n ϭ 703), reasoning (n ϭ 699), or processing speed (n ϭ 702), or to a no-contact control group (n ϭ 698). Each training program consisted of ten 60 -75 min sessions in which participants learned and practiced strategies for remembering, solving problems, or responding quickly to stimuli. To evaluate the effects of training, measurements were taken at baseline, immediate posttest, and annually at 1, 2, 3, 5, and 10 years. Given that our analyses relied on secondary, publicly available data, this study was declared exempt from institutional review board approval. Data are publicly available from the National Archive of Computerized Data on Aging (http://www.icpsr.umich .edu/icpsrweb/NACDA).
Participants
At baseline, participants were, on average, 74 years of age (SD ϭ 5.9), had 13.5 years of education (SD ϭ 2.7), and were predominately White (73.3%) and female (75.9%). In addition, the majority of participants self-reported that their health status was excellent, very good, or good (82.8%), and had no indication of cognitive impairment (MMSE: M ϭ 27.3; SD ϭ 2.01) and few depressive symptoms (Center for Epidemiological Studies Depression Scale: M ϭ 5.2; SD ϭ 5.1) at baseline. No differences were found between training conditions for the baseline demographic or health variables (all ps Ͼ 0.05).
Analysis of attrition. A total of 1,578/2,802 (56.5%) did not participate in the Year 10 assessment. Of those lost to follow up, death was the primary reason for nonparticipation (40%), followed This document is copyrighted by the American Psychological Association or one of its allied publishers.
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by participant decision (35%), study decision (18%), family refusal (3%), or unknown reasons (4%). Participants who were younger, female, had greater educational attainment, fewer physical and mental health problems, performed better on cognitive outcomes, and reported higher baseline scores on Intellectual SelfEfficacy and lower Concern About Intellectual Aging were more likely to be retained at the 10-year assessment (ps Ͻ 0.05). There was no evidence of differential attrition with respect to intervention arm at the 10-year assessment (ps Ͼ 0.05).
Measures
Personality in Intellectual Aging Contexts (PIC) Inventory Control Scales. The PIC evaluates older adults' beliefs regarding their intellectual capabilities (Lachman, Baltes, Nesselroade, & Willis, 1982) . Items are related to intellectual aging and one of six personality dimensions: Internal, Chance, Powerful Others, Achievement Motivation, Anxiety, and Attitude Toward Intellectual Aging (Morale). Responses range from 1 (strongly agree) to 6 (strongly disagree) and individual items for a given dimension are summed for a total score. In the parent study, the PIC was shortened from 72 items to 36 items (with equal representation across the six PIC scales) to reduce participant burden. The 50% of items with the highest item-total correlations were selected (␣ Ն .81; Crowe et al., 2006) . Control beliefs were measures at baseline and annually at 1, 2, 3, 5, and 10 years.
Two composite variables were derived from the PIC for analysis: Intellectual Self-Efficacy (sum of Internal and Achievement Motivation) and Concern About Intellectual Aging (sum of Powerful Others, Chance, Anxiety, and Morale). Intellectual SelfEfficacy (i.e., internal control) reflects the belief that intellectual functioning can be maintained or improved across life, and that one desires to remain intellectually competent, whereas Concern About Intellectual Aging (i.e., external control) reflects perceived decline in intellectual functioning, as well as higher anxiety and concern about decline (Lachman, 1986) . Both composites were scaled to a T-score metric (M ϭ 50; SD ϭ 10) based on their baseline distribution in ACTIVE, and results are presented as standardized estimates with standard errors. These composite measures have been used in prior research (Lachman, 1983; Willis & Jay, 1989; Willis et al., 1992) .
Cognitive measures reflect the direct targets of the training interventions (memory, reasoning, and processing speed; Jobe et al., 2001 ). Episodic verbal memory was assessed via the Hopkins Verbal Learning Test (Brandt & Benedict, 2001) , Rey Auditory Verbal Learning Test (Schmidt, 2004) , and Rivermead Behavioral Memory-Paragraph recall (Wilson, Cockburn, & Baddeley, 1995) . Reasoning was assessed via word series (Gonda & Schaie, 1985) , letter series (Thurstone & Thurstone, 1949) , and letter sets (Ekstrom, French, Harman, & Derman, 1976) . Standardized scores were averaged to create memory and reasoning composite measures. Processing speed was assessed via the useful field of view (Ball, Owsley, Sloane, Roenker, & Bruni, 1993) .
Covariates included demographics (age, sex, ethnicity/race, and education), self-reported health status on a 5-point scale (1 ϭ excellent; 5 ϭ poor), depressive symptoms via the Center for Epidemiological Studies Depression Scale: 12-item (CESD-12; depressive symptomatology indicated by CESD-12 score Ն9; Radloff, 1977) , cognitive status as measured by the MMSE (impairment indicated by MMSE score of Ն23; Folstein et al., 1975) , and mobility measured by the Life Space Questionnaire (Stalvey, Owsley, Sloane, & Ball, 1999) .
Data Analysis
Longitudinal trajectories and demographic predictors of control beliefs. Unconditional latent growth curve models (without covariates) were first estimated separately for the two composite measures of control beliefs (Intellectual Self-Efficacy and Concern About Intellectual Aging) to determine the shape of the individual growth trajectories over the 10-year period.
1 Once growth models with adequate fit statistics were established, models were expanded to include covariates to test whether individual characteristics are predictive of initial status and rates of change over time. Analyses were repeated for each cognitive outcome measure.
2
Longitudinal relationships between control beliefs and cognition. Control beliefs and cognition were examined using parallel process growth curve modeling (Muthén & Muthén, 1998 , which allowed us to simultaneously model growth curves of the associations between control beliefs and cognition over time. Specifically, we examined: (a) whether baseline control beliefs are associated with changes in each of the cognitive measures (e.g., memory, reasoning, processing speed) over time, (b) whether cognitive scores at baseline are associated with changes in control beliefs over time, and (c) to what extent change in control beliefs is correlated with longitudinal change in cognitive performance over a 10-year period (see Footnote 2).
Effects of cognitive training on control beliefs and cognition. To examine whether the longitudinal associations between control beliefs and cognitive outcomes differ between the ACTIVE training conditions and the control group, we expanded the models above to multiple-group latent growth curve models (Muthén & Muthén, 1998 . Means and variances of the random intercepts, slopes, and their covariance were allowed to vary by intervention group.
We statistically adjusted for covariates (see the Measures section) in all models, and estimated growth curve models using a robust full-information maximum likelihood estimation procedure that assumes data are missing at random and makes the chi-square 1 As we only had access to the six subscales scores (Internal, Chance, Powerful Others, Achievement Motivation, Anxiety, Attitude Toward Intellectual Aging) in our dataset, our ability to test the factor structure of the two facets of control beliefs was limited by not having access to item-level scores. However, we were able to test measurement invariance of the Concern About Intellectual Aging construct over time using alignment analysis in MPlus (statistical software). The alignment analysis indicated that scalar measurement invariance was met for Concern About Intellectual Aging at the p Ͻ 0.05 level (e.g., configural and metric invariance are met; scalar invariance is further met when factor loadings and intercepts are the same across groups). We were unable to replicate this analysis for Intellectual Self-Efficacy because it is comprised of just two subscales (Internal and Achievement Motivation) and thus factor loadings cannot be freely estimated. 2 Final latent growth models were tested using the entire ACTIVE sample (N ϭ 2,802), controlling for training condition. However, to fully eliminate potential training effects, in sensitivity analyses, we repeated analyses using data from the control group only (n ϭ 698). As both approaches resulted in virtually identical results, we present the findings using the entire ACTIVE sample. This document is copyrighted by the American Psychological Association or one of its allied publishers.
test and standard errors robust to nonnormality (Yuan & Bentler, 2000) . Overall goodness of model fit was assessed with standard model fit indices, including the root-mean-square error of approximation (RMSEA) and comparative fit index (CFI). An RMSEA smaller than 0.05 and a CFI larger than 0.95 indicate excellent model fit and have been shown to perform better than 2 , given large sample sizes (Muthén & Muthén, 1998 . All models were estimated using Mplus Version 7.11 statistical software (Muthén & Muthén, 1998 .
Results

Longitudinal Trajectories and Demographic Predictors of Control Beliefs
On average, Intellectual Self-Efficacy decreased (␤ ϭ Ϫ0.32 units/year) and Concern About Intellectual Aging increased (␤ ϭ 0.26 units/year) over the 10-year period (see Table 1 ). For Intellectual Self-Efficacy, we found that being younger, female, and those with more years of education, better self-rated health, fewer depressive symptoms, higher performance on the MMSE, and a greater life space were associated with higher initial values; however, none of the demographic predictors were significantly associated with change in Intellectual Self-Efficacy over time (see Table 1 ). Conversely, individuals who were older, female, nonWhite, and reported fewer years of education, worse self-rated health, more depressive symptoms, lower performance on the MMSE, and a more restrictive life space were associated with higher initial values of Concern About Intellectual Aging. Most importantly, being older was significantly related to increases in Concern About Intellectual Aging over the 10-year period (see Table 1 ).
Longitudinal Relationships Between Control Beliefs and Cognition
Control beliefs at baseline did not influence the 10-year trajectories of any of the three cognitive outcome measures (ps Ͼ 0.05); however, higher baseline scores on measures of memory (␤ ϭ 0.07 units/year; SE ϭ 0.02; 95% CI [0.03, 0.11] and reasoning (␤ ϭ 0.04 units/year; SE ϭ 0.01; 95% CI [0.02, 0.06]) were associated with less decline in Intellectual Self-Efficacy over time (Table 2) . Whereas, lower scores on all three cognitive outcomes at baseline were associated with increased reports of Concern About Intellectual Aging over the 10-year period (memory: ␤ ϭ Ϫ0.06 units/ year; SE ϭ 0.02; 95% CI [Ϫ0.10, Ϫ0.02]; reasoning: ␤ ϭ Ϫ0.08 Note. N ϭ 2,802. Self-reported health was measured on a 5-point scale ranging from 1 (Excellent) to 5 (Poor). Negative values represent better health. CESD-12 ϭ Center for Epidemiological Studies Depression Scale: 12-item (Radloff, 1977) ; MMSE ϭ Mini-Mental State Exam (Folstein et al., 1975) ; RMSEA ϭ root-mean-square error of approximation; CFI ϭ comparative fit index. Scores standardized to a T metric (M ϭ 50; SD ϭ 10) based on their baseline distribution in ACTIVE; standardized estimates and standard errors are presented. An RMSEA smaller than .05 and a CFI larger than .95 indicate excellent model fit. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Effect of Cognitive Training on Control Beliefs and Cognition
Over the 10-year period, neither the longitudinal trajectories of Intellectual Self-Efficacy and Concern About Intellectual Aging, nor the longitudinal associations between control beliefs and cognition, differed as a result of participation in any of the ACTIVE cognitive training programs (results not shown; all ps Ͼ 0.05).
Discussion
Consistent with well-documented research demonstrating normative age-related declines in internal control beliefs (e.g., Lachman et al., 2009; Neupert & Allaire, 2012) and increases in external control beliefs (e.g., Cornelius & Caspi, 1986; Lachman & Leff, 1989 ) over time, we found a reduction in Intellectual Self-Efficacy and an increase in Concern About Intellectual Aging over a 10-year period. This is not surprising, given that perceived decline in memory performance is one of the most common complaints among even the healthiest older adults (Hertzog & Pearman, 2014) .
We also found that demographic characteristics were related to initial reports of control beliefs; however, older age was the only significant predictor of increases in Concern About Intellectual Aging over time. Thus, it is possible that internal beliefs are relatively enduring and somewhat resistant to change (Lachman et al., 2011) . As such, age-related declines in control beliefs may represent simultaneous health-related decrements (Lachman, 2006; Wolinsky et al., 2010) and only become apparent in less healthy populations. Another possibility is that increased Concern About Intellectual Aging with advancing age is the manifestation of widely held stereotypical beliefs about aging (Kornadt & Rothermund, 2011; Popham & Hess, 2015) .
Our findings also revealed that control beliefs (at baseline) did not influence cognition over the 10-year period; however, initial levels of cognitive performance were related to change in control beliefs over time. Specifically, higher performance on memory and reasoning measures at baseline was related to less decline in Intellectual Self-Efficacy, whereas lower baseline performance across all three abilities was related to increased Concern About Intellectual Aging over time. This is consistent with other studies examining the associations between intellectual performance and control beliefs using the PIC measure (e.g., Cornelius & Caspi, 1986; Grover & Hertzog, 1991; Lachman, 1986; Lachman & Leff, 1989) . For instance, Grover and Hertzog (1991) found a significant lagged relationship of intelligence on control beliefs, with slightly stronger effects for external (vs. internal) beliefs; however, they also failed to find a relationship of control beliefs with intelligence over a 2-year interval. When the dynamic interplay between control and cognition was examined, we found weak associations between these two processes over time. Although such small effects need to be cautiously interpreted, it may be that as cognitive ability increases (as a result of training) or declines (as a result of normative age-related changes), control beliefs are adjusted accordingly. However, much more work needs to disentangle these two processes. Given that lower control beliefs have been consistently related to negative health outcomes (Agrigoroaei, Neupert, & Lachman, 2013; Hahn & Lachman, 2015; Infurna, Gerstorf, & Zarit, 2011) , including increased risk of mortality (Infurna, Gerstorf, Ram, Schupp, & Wagner, 2011) , determining ways to in- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
crease control within an already cognitively vulnerable population is of utmost importance (Zahodne et al., 2015) . We did not find that changes in control beliefs or the longitudinal associations between control beliefs and cognition were moderated by cognitive training over the 10-year study period. The modest or null effects in prior work (Sharpe, Holup, Hansen, & Edwards, 2014; Wolinsky et al., 2010) and lack of treatment effects in the current study are not completely surprising as ACTIVE was not designed to explicitly target control beliefs. The modifiability of control beliefs may be better suited to interventions that emphasize building self-efficacy or reinforcing beliefs that cognition can be modifiable with appropriate skills and strategies (Hastings & West, 2009; Lachman et al., 2006) . ACTIVE presents a unique context to investigate age-related changes in control beliefs for several reasons, including a large sample of diverse, community-dwelling older adults and 10 years of longitudinal assessment. To date, the majority of longitudinal studies examining control beliefs (even within ACTIVE) have been limited by small sample sizes or few follow-up assessments. However, as with any secondary analysis, we were limited by the measures and items included in the ACTIVE dataset. For instance, the PIC evaluates older adults' beliefs regarding their intellectual capabilities along six personality dimensions: Internal, Chance, Powerful Others, Achievement Motivation, Anxiety, and Attitude toward Intellectual Aging (Morale). Thus, we were unable to systematically examine contextual or task-specific control beliefs that may be highly relevant to an older population, such as for memory, physical health, or fear of falling. We did, however, conduct exploratory analyses independently examining the longitudinal trajectories, as well as effect of cognitive training, on each of the six personality dimensions. Findings from individual scales reflected their respective second-order factors: Internal and Achievement Motivation scales paralleled Intellectual Self-Efficacy; whereas Powerful Others, Chance, Anxiety, and Morale were strikingly similar to Concern About Intellectual Aging.
Overall, our findings contribute to the limited studies that have examined trajectories of control beliefs, as well as demographic predictors, over an extended time frame. Further, the current study is among a handful of studies that have examined the utility of a cognitive training program as a potential context to maintain, or perhaps, enhance, control beliefs, as well as cognition. Additional research is needed to determine whether there are other subgroups of the population (e.g., those of younger age, other ethnic/racial identities (e.g., Hispanic, Native American), distinct personality typologies, or other dispositional characteristics (need for cognition, mindfulness)) whose beliefs toward intellectual aging may be altered via cognitive training and, therefore, represent potential targets for intervention.
